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FOREWORD 


An  area  of  major  importance  in  the  U.S.  Army  Research  Institute  for 
the  Behavioral  and  Social  Sciences  (ARI)  is  individual  soldier  proficiency. 
Soldier  proficiency  is,  at  least  in  part,  a  function  of  both  the  soldier's 
aptitudes  and  the  effectiveness  of  the  training  he  receives.  The  ARI  Field 
Unit  at  Fort  Knox,  in  its  Work  Unit  "Assigning  Trainees  to  Armor  Crew  Duty 
Positions  (XM-1),"  is  concerned  with  determining  the  job  aptitudes  that  can 
be  utilized #to  provide  a  basis  for  crewman  assignment  to  attain  optimal  job 
performance  in  the  M-l  tank.  In  a  related  work, unit,  "Armor  Training  for 
XM-1  Gunnery  and  Combat  Missions",  the  field  unit  is  developing  methods 
necessary  for  effectively  training  the  M-l  tank  crewman,  with  particular 
emphasis  on  the  unique  characteristics  of  the  M-l  tank  and  the  effects  of 
varying  aptitudes  among  recruits  entering  the  Armor  training  system.  Basic 
to  these  efforts  is  the  derivation  of  unique  M-l  operating  requirements  as 
they  relate  to  the  aptitudes  and  skill  requirements  of  crewmember  job 
performance. 

This  research  product  provides  comparability  analyses,  using  the  M60A1 
tank  system  as  a  standard,  which  identify  probable  M-l  crewmember  gunnery 
skill  and  aptitude  requirements.  Also  identified  are  tasks  which  may  pose 
potential  assignment  or  training  problems. 

This  research  effort  is  responsive  to  the  requirements  of  RDT&E  project 
2Q763743A794  of  the  FY  81  ARI  Work  Program. 
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XM1  GUNNERY  TRAINING  AND  APTITUDES  REQUIREMENTS  ANALYSES 


BRIEF 


Requirement : 

Previously  conducted  XM1  task  analyses  failed  to  address  areas  of  special 
concern  to  Armor  crewmen,  training  developers  and  recruiters  alike.  Questions 
concerning  differences  in  the  tank  gunnery  performance  requirements  of  the  XML 
versus  the  current  M60A1  tank  and  how  these  differences  might  affect  training 
or  personnel  selection  remained  unanswered.  To  address  these  concerns,  an 
analysis  of  XM1  gunnery  training  and  aptitude  requirements  was  initiated. 

Procedure: 

Task  inventories  were  prepared  for  each  XM1  crew  position  and  for  tasks 
requiring  interaction  among  crewmembers.  A  comparability  analysis  was  con¬ 
ducted  using  the  M60A1  as  a  standard  to  identify  tasks  posing  potential  train¬ 
ing  or  aptitude  problems.  For  each  such  task,  tentative  training  or  assignment 
solutions  were  proposed.  Also  identified  were  the  sites  at  which  training 
would  take  place  for  each  of  the  tasks  listed,  e.g.,  OSUT  or  operational  unit. 

Findings: 

The  majority  of  XM1  tasks  which  are  directly  analogous  to  M60A1  tasks  are 
easier  to  perform  on  a  fully  operational  XM1  tank.  Performance  of  these  same 
tasks  on  a  non-fully  operational  XMl  is  almost  identical  in  difficulty  to 
M60A1  tasks.  Tasks  which  are  unique  to  the  XMl  are  often  difficult  on  a  fully 
operational  XMl  and  almost  always  very  difficult  on  a  non-fully  operational 
XMl.  Automation  in  XMl  equipment  design  has  made  operator  task  performance 
during  normal  target  engagements  easier,  but  has  conversely  increased  the  scope 
and  complexity  of  preoperational  tasks  under  normal  and  degraded  conditions. 

Utilization  of  Findings: 

These  analyses  provide  the  basis  for  the  development  of  XMl  tank  commander 
and  gunner  job  sample  predictors.  They  have  been  used  in  the  initial  stages 
of  decision-making  concerning  a  review  and  revalidation  of  the  ASVAB  prerequi¬ 
sites  for  Armor  OSUT  training.  The  training  comparability  portions  of  these 
analyses  are  the  major  reference  for  training  effectiveness  evaluators  in  their 
observation  of  XMl  OSUT  classes  at  the  U.S.  Army  Armor  School  at  Fort  Knox. 
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INTRODUCTION 


The  advent  of  the  new  XML  main  battle  tank  with  its  vastly  improved  fire 
control  system,  power  plant,  suspension  system,  and  armor  protection  has  sig¬ 
nificantly  increased  the  potential  fighting  capability  of  US  Armor  units. 

However,  the  achievement  of  maximum  capability  is  in  large  measure  a  function 
of  the  performance  of  the  assigned  crewmen.  The  level  of  crewman  job  performance 
is  therefore  of  primary  concern  to  various  members  of  the  Armor  community. 

Future  operators,  for  example,  want  to  know  how  the  XML  differs  from  their 
present  tanks.  Persons  responsible  for  the  design  and  development  of  XML 
training  want  to  know  what  major  changes,  if  any,  need  to  be  made  in  training 
content  or  methods  of  training  delivery.  Finally,  personnel  Involved  in  manning 
the  force  want  to  know  if  new  recruits  need  to  be  selected  on  the  basis  of  certain 
special  abilities  or  aptitudes.  In  response  to  these  concerns,  the  US  Army 
Research  Institute  at  Fort  Knox  has  reviewed  previous  efforts  to  address  these 
questions  and  has  conducted  an  evaluation  of  the  training  and  aptitude  require¬ 
ments  for  the  gunnery  portion  of  the  XML  tank  weapons  system. 

Army  materiel  systems  such  as  the  XY  tank  are  Initiated,  developed,  de¬ 
ployed,  supported,  modified  and  disposed  in  an  event-step  process  called  the 
Life  Cycle  Systems  Management  Model  (LCSMM).^  As  part  of  the  LCSMM,  materiel 
developers  are  required  to  provide  the  Army  with  a  Quantitative  and  Qualitative 
Personnel  Requirements  Information  (QQPRI)  statement.  This  statement  contains 
sufficient  information  for  personnel  and  training  planning,  and  is  normally 
supported  by  a  Front  End  Analysis  (FEA)  of  the  proposed  system.  As  for  the 
XML,  the  FEA  was  to  contain  at  a  minimum  a  listing  cf  the  individual  duties 

^DA  Pamphlet  11-25,  Life  Cycle  System  Management  Model  for  Army  Systems.  HQ  DA: 

May  1975. 


and  tasks  to  be  performed  in  each  of  the  crew  positions,  the  procedures  in¬ 
volved  in  carrying  out  each  task,  and  a  listing  of  the  skills,  knowledges,  and 
physical/mental  ability  requirements. 

Chrysler  Corporation,  the  materiel  developer  for  the  XM1,  delivered  to 

2 

the  Army  a  Task  and  Skill  Analysis  (TASA)  to  satisfy  the  FEA  requirement. 

Users  of  the  TASA  at  the  Armor  School  were  uniformly  critical  of  the  work. 
Generally  described  as  inaccurate,  incomplete  and  to  a  large  extent,  obsolete 
the  TASA  failed  to  provide  the  information  necessary  for  addressing  the  concerns 
of  future  operators,  training  developers,  or  manpower  recruiters.  The  TASA  did 
not  inventory  the  performance  requirements  which  constitute  each  individual  tank 
crewman's  job,  i.e.,  most  of  the  job  tasks  listed  were  equipment-oriented  rather 
than  behavior-oriented.  Moreover,  the  task  analysis  was  restricted  to  a  mere 
listing  of  the  steps  or  procedures  required  in  task  performance.  The  specific 
knowledges,  skills,  and  physical/mental  abilities  involved  in  carrying  out  each 
task  were  noticeably  absent. 

The  Directorate  of  Training  Development  (DTD)  at  the  US  Army  Armor  School 
was  required  to  conduct  an  XM1  training  analysis  for  the  purpose  of  training 
entry-level  XM1  Armor  Crewmen.  Using  the  Chrysler  TASA  as  a  resource  document, 
together  with  Subject  Matter  Experts  (SMEs)  transition  trained  during  Opera¬ 
tion  Testing  (OT  II)  at  Fort  Hood,  DTD  performed  a  training  analysis  follow- 

3 

ing  the  Instructional  System  Design  (ISD)  model.  The  result  of  this  effort 
2 

XMl  Tank  Program  FSF.D/PEP  Phase  Task  and  Skill  Analysis  Report  (Preliminary) 
for  the  XM1  Tank;  Combat,  Full-Tracked  105mm  Gun.  Report  X-COON-1.  Sterling 
Defense  Division:  Sterling  Heights,  MI.  30  Sep  77. 

^US  Army  Armor  Center.  Training  Development  Handbook,  Phase  1:  Analysis  of 
Instructional  Systems  Development  Procedures,  Fort  Knox,  KY:  April  1978. 
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was  an  Armor  Center  task  list  that  provided  the  basis  for  the  development  of 
Armor  training  activities  to  support  the  XM1. 

The  training  analysis  provided  by  DTD  was  a  marked  improvement  over  the 
training  analysis  provided  by  Chrysler  in  that  it  identified  the  knowledges 
and  skill  requirements  for  task  performance.  However,  the  degree  of  spec xf lea- 
tlon  remained  much  too  general  to  meet  the  particular  needs  of  the  Intended 
users.  Task  analysis  documentation  on  target  engagements  with  the  main  gun 
failed  to  delineate  the  individual  crewmember  behaviors  which  make  up  the  task. 
For  example,  the  DTD  list  did  not  distinguish  between  the  behaviors  Involved  in 
round  sensing  during  daylight  and  round  sensing  at  night.  Round  sensing  by  the 
gunner  from  a  moving  tank  at  night  using  the  TIS  was  not  addressed. 

Review  of  the  training  analyses  conducted  by  Chrysler  and  DTD  left  many 
questions  unanswered  concerning  specific  tank  gunnery  related  crewmember  be¬ 
haviors  and  emphasized  the  immediate  need  for  a  job-task  analysis  by  crew  posi¬ 
tion  that  would  provide  the  level  of  detail  necessary  for  comparing  gunnery 
performance  requirements  across  M60A1  and  XKL  weapon  systems.  In  response  to 
this  need,  XM1  gunnery  specific  tasks  lists  were  prepared  for  all  crew  posi¬ 
tions,  both  individually  and  collectively,  XKL  task  performance  requirements 
were  compared  to  analogous  requirements  of  the  current  main  battle  tank,  the 
M60A1,  in  terms  of  their  potential  for  training  or  assignment  problems,  ten- 

» 

tative  solutions  were  proposed  for  the  potential  problems  Identified  and  where 
appropriate,  the  site  selected  for  training  the  Individual  *-«sk a  was  specified. 

To  assure  a  comprehensive  approach,  information  to  conduct  the  present 
analyses  was  gathered  from  numerous  sources.  The  Chrysler  and  DTD  analyses 
- - 

Memorandum.  ATZX-TD-ID,  Subject:  MOS  19  El 0-40  Tasks  Selected  for  Training, 
19  May  1980. 
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were  useful  to  the  extent  that  they  provided  an  overview  of  the  gunnery  job 
requirements  and  supportive  task  analysis  documentation.  In  addition,  infor¬ 
mation  was  obtained  during  structured  interviews  with  personnel  having  varying 
amounts  of  experience  and  varying  levels  of  skill  on  the  XM1.  These  personnel 
included  Chrysler  trained  Armor  soldiera  who  served  as  )LflL  crewmen  during  the 
second  Operational  Test  (OT-II)  of  "he  vehicle,  DTD  trained  Armor  soldiers  who 
were  to  serve  as  trainers  at  the  third  Operational  Test  (OT-III) ,  and  military 
personnel  from  an  operational  TO&E  Cavalry  unit  who  participated  in  the  con¬ 
tinuous  24  hour  day  «AM  (Reliability,  Availability,  and  Maintainability)  testing 
held  at  Fort  Knox.  Many  of  these  interviews  were  conducted  by  having  the  sol¬ 
dier  demonstrate  the  various  tasks  on  the  XM1.  This  allowed  ARI  researchers 
the  opportunity  to  observe  hands-on  task  performance  of  experienced  XM1  trained 
soldiers.  Information  obtained  from  each  of  these  sources  was  checked  against 
the  up-to-cate  version  of  the  XM1  operators  manual . 5 

After  all  appropriate  information  had  been  obtained,  an  orderly  process 
of  categorising  the  data  was  followed.  Each  crew  position  was  analyzed  sepa¬ 
rately,  with  all  crew  interactive  material  conblned  regardless  of  whether  it 
involved  two-man,  three-man,  or  full  crew  tasks.  A  compilation  of  tasks  that 
make  up  an  individual's  Job  requirements  was  then  prepared  for  each  crew  posi¬ 
tion.  This  compilation,  referred  to  as  a  task  inventory,  contained  primarily 
those  duties,  tasks,  or  subtasks  designated  as  gunnery  related.  Included  in 
the  task  Inventory  were  the  pre/post  preventive  maintenance  checks  and  services 
(PMCS) . 


5US  Army.  Operator's  Manual  for  Tank,  Cocbat.  Full  Tracked,  105mm  Cun.  XM1 
(2350-01-061-2445),  Draft  Technical  Manual  (TM  9-2350-255-10) ,  August  1980. 
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The  order  in  which  the  various  tasks  appear  in  the  task  inventory  was 
based  on  a  chronological  sequence  of  events  that  occurs  in  an  operational  Armor 
unit  preparing  for  and  conducting  combat  missions.  Tasks  which  were  function¬ 
ally  related  were  grouped  together  and  listed  in  a  duty  category  classification. 
(Note:  Duties  are  listed  as  major  classifications  and  set  off  by  designated 
Roman  numerals.)  Tasks  which  required  the  performance  of  one  or  more  indi¬ 
vidual  behaviors  and  contained  a  definite  beginning  and  end  were  listed  in 
a  subtask  category.  (Note:  Tasks  are  denoted  by  Arabic  numerals  with  subtasks 
being  assigned  lover  case  letters.) 

After  completion  of  the  task  Inventories  for  each  crew  position  and  crew 
interactive,  a  subjective  M60A1  comparability  analysis  was  conducted  and 
potential  sources  of  training  problems  were  identified.  Problem  identifica¬ 
tion  was  based  upon  knowledge  of  M60A1  training  problems  and  interviews  with 
new  XM1  crewmen  concerning  training  difficulties.  To  address  the  concern  of 
personnel  responsible  for  manning  the  force,  the  aptitude  requirements  of  each 
position  were  addressed  by  categorizing  tasks  as  primarily  involving  psychomotor 
aptitudes  or  cognitive  (mental)  aptitudes.  Potential  assignment  problems  were 
noted  where  the  psychomotor  aptitude  requirements  appeared  to  be  unique  and/or 
cognitive  aptitude  requirements  appeared  to  be  higher  than  those  for  the  M6QA1 
system. 

The  results  of  these  analyses  are  presented  in  Tables  1  through  5,  for 
tank  coamander  (TC),  gunner  (GNR),  loader  (LDR),  driver  (DVR),  and  crew  inter¬ 
active,  respectively.  To  facilitate  the  use  of  these  tables  a  brief  explana¬ 
tion  of  the  table  headings  and  information  coding  system  is  presented  In  the 
following  paragraphs. 
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Tables  1  through  A  contain  the  task  inventories  and  analyses  for  each 
crew  position  (Table  S  will  be  discussed  separately) .  Each  table  contains 
three  major  headings  or  information  divisions,  titled  M60A1  Task  Comparison 
Analyses,  Tentative  Solutions  and  Training  Sites,  respectively.  The  first 
heading  or  division  (see  example  below)  contains  a  task  by  task  classification 


* 

M60A1  TASK 

COMPARISON  ANALYSIS 

XM1  TASK  LIST 

COMMON- 1  TASK  PERFORM 

PROBLEM 

CAUSE 

JCB 

(GUNNER) 

ALITY  EASIER  HARDER 

TRAIN | ASSIGN 

MOTOR  MENTAL 

SAMPLE 

VI.  PERFORM  TIS  CHECKOUT 

33.  Prepare  TIS  for 
Operation 

UNIQUE  NO  YES 

U 

YES  YES 

X 

YES  YES 

X 

POS 

which  in  the  first  column,  COMMONALITY,  notes  whether  performance  of  the  list 
XM1  task  was  unique  ("UNIQUE"  or  "U")  to  the  XM1,  different  ("DFRNT"  or  "D")  in 
some  aspect  from  the  M60A1,  or  essentially  the  same  ("SAME"  or  "S”)  as  its 
M60A1  counterpart, 

Aleo  found  in  the  initial  division  is  a  task  by  task  subjective  evaluation 
of  the  perforranca  difficulty  of  XM1  tasks  with  reference  to  the  M60A1.  For 
example,  a  "YES"  appearing  under  the  heading  labeled,  TASK  PERFORM:  HARDER, 
denotes  that  the  duty  area  in  general  appears  to  be  sere  difficult  to  perform 
on  the  XM1  than  in  the  M60A1.  A  eubsequent"X"  or  "(x)"  in  that  column  indi¬ 
cates  that  a  specific  task  or  subtask  within  that  duty  area  appears  more  diffi¬ 
cult.  Subtasks  classified  as  less  difficult  to  perform  are  noted  in  a  similar 
manner  under  the  heading  labeled,  TASK  PERFORM:  EASIER. 

The  next  analysis  within  this  division  classifies  tasks  as  having  or  not 

having  the  potential  for  causing  training  or  assignment  problems.  A  duty  or 

task  identified  as  a  potential  training  problem  was  defined  as  one  which  may 

require  substantially  more  training  time  or  training  resources  than  its  M60A1 

counterpart.  Such  duties  were  noted  by  placing  "YES"  under  the  heading 
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labeled,  PROBLEM:  TRAIN,  while  tasks  or  subtasks  with  potential  training  prob¬ 
lems  were  noted  by  "X"  or  "(x)",  respectively.  Where  the  data  base  was  in¬ 
sufficient  to  make  a  judgment,  a  question  mark  (?)  was  placed  In  that  column. 
Tasks  having  potential  assignment  problems  were  those  which  involved  a  level 
of  difficulty  which  make  it  unlikely  that  personnel  minimally  meeting  present 
ability  requirements  (e.g.,  CO  score  of  85)  could  perform  effectively.  If  a 
potential  assignment  problem  was  foreseen  based  on  the  requirements  In  a  par¬ 
ticular  duty,  "POS"  was  placed  in  the  column  labeled,  PROBLEM:  ASSIGN,  across 
from  that  duty  to  note  the  "possible"  existence  of  an  assignment  problem. 

Where  confidence  existed  that  no  assignment  problems  would  be  encountered  "NO" 
was  entered  in  the  column.  Again,  tasks  and  subtasks  sharing  tha  same  rating 
as  their  duty  were  labeled  with  "X"  and  "(x)"  respectively.  Question  marks 
(?)  appear  where  the  data  was  insufficient  to  make  a  judgment. 

To  complete  the  M60A1  comparison,  duties,  tasks  and  subtasks  identified 
as  having  potential  training  and/or  assignment  problems  were  classified  as  to 
whether  the  problem  was  estimated  to  be  the  result  of  particularly  unique 
psychomotor  requirements  ("MOTOR")  or  cognitive  aptitude  requirements  ("MENTAL") 
or  both.  Duties  having  potential  problems  were  identified  by  placing  "YES" 
under  the  appropriate  column  heading,  CAUSE:  MOTOR/ MENTAL.  Tasks  and  subtasks 
receiving  the  same  rating  as  their  associated  duty  were  denoted  by  "X"  or  "(x)", 
respectively. 

Duties  which  appeared  to  have  the  potential  of  being  selected  for  inclu¬ 
sion  in  a  job  sample  test  battery  were  noted  by  placing  "YES"  under  the  head¬ 
ing,  JOB  SAMPLE.  Those  duties  which  may,  after  further  research,  be  useful  as 
job  samples  were  noted  by  placing  "POS”  in  that  column,  while  possible  job 
sample  tasks  were  Identified  by  a  question  mark  (?).  A  "NO"  under  the  job 
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sample  heading  indicates  those  tasks  for  which  a  job  sample  test  was  considered 
inappropriate. 

The  second  heading  or  division  (see  example  below)  contains  tentative 
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solutions  for  assignment  or  training  problems  identified  in  the  M60A1  task 
comparison  analysis. 

If  the  duty  was  estimated  to  be  the  source  of  a  potential  training  problem 
then  "YES"  was  entered  in  the  column  labeled,  TENTATIVE  SOLUTION:  TRAIN,  if 
not,  then  "NO"  was  entered.  If  additional  hands-on  practice  ins  proposed  as 
a  solution  then  "YES"  was  placed  In  the  column  labeled,  TRAINING:  MORE  HO,  if 
not  then  "NO"  was  entered.  If  incorporating  a  job  aid  appeared  to  be  an  appro¬ 
priate  method  of  training  the  task,  then  "YES"  was  placed  in  the  column  labeled, 
TRAINING:  JOB  AID,  if  not,  then  "NO"  was  entered.  If  either  or  both  these 
solutions  was  considered  inadequate,  or  if  a  training  device  was  being  developed 
for  training  then  "YES"  was  entered  in  the  column  labeled,  TRAINING:  TNG  DEV, 
if  not,  then  "NO"  was  entered.  Again,  a  task  or  subtask  receiving  the  same 
response  as  its  respective  duty  area  received  an  "X"  or  "(x)"  under  the  appro¬ 
priate  heading,  and  those  for  which  insufficient  data  was  available  received 
a  question  mark  (?). 

If  the  duty  was  identified  as  posing  a  potential  assignment  problem  and 
the  tentative  solution  offered  was  to  s*  ek  methods  for  more  appropriate  assign¬ 
ment  of  crewmen,  then  "POS"  (i.c.,  possible)  was  entered  under  the  heading 


labeled,  TENTATIVE  SOLUTION;  ASSIGN.  Where  a  Cask  or  subcask  received  Che 
same  response  as  ics  respeccive  ducy  area,  an  "X"  or  "(x)"  was  encered  under 
Che  appropriate  heading.  Quescion  marks  (?)  appear  where  Che  daca  was  insuf- 
ficienc  Co  make  a  judgment. 

The  third  heading  or  division  (see  example  below)  contains  information 
concerning  training  delivery.  If  a  duty  listed  also  appeared  in  Che  DTD  list 
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X  X 

then  a  "YES"  was  placed  across  from  that  duty  in  the  column  titled,  DTD  TASK. 
Where  specific  tasks  or  subtasks  were  found  in  the  DTD  list,  an  "X"  or  "(x)", 
respectively,  was  placed  opposite  that  specific  task.  The  second  column, 

SKILL  LEVEL,  presents  the  military  rating  of  the  lowest  standard  (level)  of 
skill  required  to  perform  the  task.  For  example,  skill  level  1  is  that  level 
attained  by  the  soldier  upon  completion  of  OSUT.  The  third  column,  TRNG  TYPE, 
presents  the  information  from  the  DTD  cask  analyses  regarding  where  the  task  is 
to  be  trained.  The  letter  "X"  refers  to  resident  (school)  training,  "Y"  repre¬ 
sents  non-resident  (unit)  training,  ar.d  "Z"  denotes  that  the  tasx  was  listed 
but  not  selected  for  formal  training  either  in  the  schodl  (OSUT)  or  in  the 
unit.  Under  the  heading,  TRAINING  SITE,  are  three  locations:  OSUT,  TRANS, 
and  UNIT.  An  "X"  in  these  columns  across  from  r  particular  task  specifies 
that  the  task  is  listed  for  school  training  (OSUT)  at  Fort  Knox,  for  transition 
training  (TRANS)  based  on  OT  III,  or  for  formal  training  (UNIT)  on-the-job. 

An  asterisk  (*)  in  the  TRANS  column  opposite  each  task  indicates  that  during 
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OT-III,  20  percent  or  more  of  the  soldiers  being  trained  failed  to  meet  the 
minimum  acceptable  level  of  performance  required  to  accomplish  the  task. 
Training  site  waa  included  in  the  analyses  to  distinguish  between  locations 
specified  by  the  DTD  list  and  locations  noted  in  training  documentation. 

Table  V  contains  tasks  which  involve  crew  interaction,  that  is,  the  appro¬ 
priate  combat  performance  of  these  tasks  would  involve  two  or  more  crewmen. 

By  definition  collective  training  is  required  for  these  tasks.  Because  all 
collective  training  is  the  primary  responsibility  of  TO&E  units,  the  TRAINING 
DELIVERY  DATA  section  is  not  applicable  and  therefore  is  not  Included  in 
Table  V.  However,  all  other  analyses  were  conducted  in  the  same  manner  as 
presented  for  Tables  I  through  IV. 

FINDINGS 


The  findings  reported  herein  are  based  on  the  subjective  analyses  of  the 
data  presented  in  Tables  I-V.  The  summary  statements  presented  concern  only 
the  major  trends  in  the  data  considered  to  be  of  Interest  to  members  of  the 
Armor  community. 

The  majority  of  XM1  tasks  which  are  directly  analogous  to  M60A1  tasks  are 
easier  to  perform  on  a  fully  operational  XM1  tank.  Performance  of  these  same 
tasks  on  a  non-fully  operational  XM1  are  almost  identical  in  difficulty  to 
M60A1  tasks.  For  example,  tracking  a  moving  target  is  easier  on  the  XM1  be¬ 
cause  the  appropriate  lead  la  automatically  applied  as  the  gunner  lays  on, 
ranges  and  tracks  the  target.  In  the  fully  operational  K60A1  the  gunner  must 
apply  varying  amounts  of  lead  based  on  target  speed  and  the  type  of  ammunition 
being  fired.  Performance  of  these  same  tasks  in  a  non-fully  operational  XM1 
is  almost  identical  in  degree  of  difficulty  to  performance  of  these  tasks  in 


a  fully  operational  M60A1.  When  automatic  lead  in  the  XK1  has,  for  some 
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reason,  malfunctioned  lead  must  be  applied  in  the  same  manner  as  on  the  fully 
operational  M60A1. 

Tasks  which  are  unique  to  the  XM1  are  often  difficult  on  a  fully  opera¬ 
tional  XM1  and  almost  always  very  difficult  on  a  non-fully  operational  XM1. 

For  example,  the  XM1  employs  a  laser  rangefinder  which  is  much  faster  and  more 
accurate  than  the  coincidence  rangefinder  found  in  the  M60A1.  However,  unwanted 
multiple  or  inaccurate  laser  returns  make  it  necessary  for  the  tank  commander 
to  constantly  verify  the  laser  range  return  based  on  his  estimate  of  the  actual 
range  to  target.  Therefore,  laser  ranging  on  the  XM1  contains  a  larger  cogni¬ 
tive  component  than  does  coincidence  ranging  on  the  M60\l.  In  the  event  of 
a  laser  rangefinder  malfunction  (non-fully  operational  XM1) ,  the  tank  commander 
has  the  unique  capability  of  input ing  an  estimated  range  into  the  computer  by 
means  of  a  manual  range  add/drop  toggle  switch  and  firing  precision.  For  small 
adjustments,  the  switch  is  held  for  four  seconds  to  make  range  changes  at  a 
speed  of  fifty  meters  a  second.  For  large  adjustments,  the  switch  is  held  for 
more  than  four  seconds  to  make  range  changes  at  a  speed  of  500  meters  a 
second.  Thus,  rangiug  in  a  degraded  mode  can  significantly  increase  task  dif¬ 
ficulty  by  requiring  precision  adjustments  under  stressful  conditions  Induced 
by  time  constraints. 

Automation  in  XK1  equipment  design  has  made  operator  task  performance  dur¬ 
ing  normal  target  engagements  easier,  but  has  conversely  increased  the  scope 
and  complexity  of  preoperatlonal  tasks  during  normal  and  degraded  conditions. 

On  the  surface  it  appears  that  target  engagements  under  normal  operating  con¬ 
ditions  on  the  XM1  are  much  simpler  and  less  demanding  than  M60A1  requirements. 
The  XM1  ballistic  computer  automatically  adjusts  for  lead,  cant,  wind,  ammo 
temperature,  barometric  pressure,  air  temperature  and  gun  tube  wear;  factors 
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which  in  che  M60A1  muse  be  compensated  for  by  Che  operator.  However,  in  order 
for  che  ballistic  computer  on  the  XM1  to  make  these  adjustments  automatically, 
it  becomes  necessary  for  the  operator  to  perform  an  extensive  series  of  pre- 
operational  computer  programming  steps.  Data  must  be  entered  in  sequence  for 
each  factor  based  on  current  operating  conditions  and  then  verified  to  ensure 
proper  entry.  When  conditions  warrant  degraded  modes  of  operation,  the  opera¬ 
tor  must  respond  correctly  to  one  or  more  of  eight  digitally-coded  warning 
signals  and  then  apply  the  appropriate  procedures  necessary  to  null-out  the 
effects  of  t!  aie  malfunctions  in  the  fire  control  system.  Later,  as  time  per¬ 
mits,  the  operator  must  follow  established  troubleshooting  procedures  specified 
for  the  particular  fire  control  system  malfunctions.  To  date,  there  are  31 
troubleshooting  tasks  for  the  XM1  fire  control  system  alone. 
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121.  Check  Operation  Of 

Baatla  Doom,  Heady  Door 
knee  Switch,  Ikmr  Cdge 
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Unlock 
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TABLE  V 


Xffl.  TASK  LIST 


(CREW  INTERACTIVE) 


X>!1  TASK  LIST  _  M60A1  TASK  COMPARISON  ANALYSIS _ _  TENTATIVE  TRAINING 

(CRKW  INTERACTIVE)  :0“;M0S- I  TASK  PERFORM  PROBLEM _ CAUSE  JOB  SOLUTION  MORE  JOB  TRN( 

ALITY  EASIER  I  HARDER  TRAIN  1  ASSIGN?  MOTOR  I  MENTAL!  SAMPLE  SELECTlTRAIN  HO  IaIdIdEV 


X  X 


X  X 


XXX 


XXX 


X  X 


XXX 


X  X 


X  X 


XXX 


Q  a  in 


tn  a  a  o  v> 


» 

*  l 
-2  « 
c 


in  ea  in  u 

c  ^  « 

j*  .*  o 


f  o 

H  V) 


Check/ Service  Main  Cun 
Breechblock  Assembly 


XM1  TASK  LIST  U60A1  TASK  COMPARISON  iWALYSIS _  TENTATIVE  TRAINING 

(CREW  INTERACTIVE)  33.1M0N-  TASK  PERFORM  PROBLEM  CAUSE  JOB  SOLUTION  MOKE  JOB  TRN 

_ ALITY  *EAS  IER I  llARDERI  TRAIN!  ASSIGN!  MOTOR [MENTAL! SAMPLE  SELECTlTRAIN  HO  lAIDIDEV 
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